Urinary tract infections (UTIs) are ones of the most common nosocomial infections worldwide. Lesions which are mainly caused by microorganisms that inhabiting in hospitals, known and characterized by their both resistance against antibiotics and high ability of biofilms formation. In this study, we have evaluated the effect of three essential oils, which are Cinnamomum cassia, Coriandrum sativum and Ziziphora hispanica, against bacterial species most responsible for UTIs. A total of 18 bacterial strains were tested, which varies between reference strains and clinical multidrug resistant. Cassia oil was the most antimicrobial active against all strains, with interesting MICs values which doesn't exceed 5 mg/ml. The finding of this study indicate that essential oil appears as an excellent solution for treatment of nosocomial UTIs, especially against failure problems seen in care services, which are over common in the last years.
INTRODUCTION
Urinary Tract Infections (UTIs) are among the most common bacterial infections accounting for morbidity and mortality in all the human populations (Hooton, 2000) , especially in women (Todar, 2006) . Most of UTIs are hospital-acquired infections in which they represent up to 40% and 34% of infections acquired in long-stay units (Michelet and Tattevin, 2003) . Regarding pathogenic responsible, Enterobacteriaceae were the most common bacteria detected, in which they causes up to 84.3% of UTIs (Gales et al., 2000) . Others pathogens are also identified, especially Enterococcus faecalis (Singh et al., 2007) and Staphylococcus spp. (Kuroda et al., 2005; Muder et al., 2006) .
UTIs present a real problem currently, not only because these types of infections are in increasing in last years, notably in developed countries (Nicolle, 2012) , but also the pathogens responsible are commonly multidrug resistant bacteria to antibiotics used in routine (Manikandan et al., 2011) .
. The resistance against antibiotics was detected in several genera, including Escherichia, Enterobacter, Klebsiella, Proteus, Salmonella, Serratia and Pseudomona (Noor et al., 2004) . There is an urgent need thus, for highlighted new antimicrobial agents which will be used against treatment failures seen in UTIs related to multidrug resistance. Plants preparations have long been used in treatment of all kinds of human infectious diseases (Lai and Roy, 2004) , including UTIs. Presently, it's has been clear that plants are a promising and wealthy source for safe and effective new antimicrobial agents (Benbelaïd et al., 2013) .
Among which, essential oils (EOs) are a mixture of violates compound derived from secondary metabolism of aromatic plants, and are one of the most interesting biomolecules of natural origin (Edris, 2007) . Through scientific researches, some EOs possess an antimicrobial potency against microorganisms (Bakkali et al., 2008) , activity which can be valorized in medicine against nosocomial infections, such as UTIs. Therefore, EOs appears as a probable solution against treatment failures seen in UTIs. The purpose of this study was to investigate the antimicrobial potency of three EOs against multidrug resistant bacteria responsible for urinary infections. We have tested multidrug resistant clinical strains, which are obtained from patients with UTIs, compared with other reference strains sensitive to antibiotics.
MATERIALS AND METHODS

Plant material
Three medicinal plants were selected for this study, including Coriandrum sativum (C. sativum), Ziziphora hispanica (Z. hispanica), and Cinnamomum cassia (C. cassia). The species choice was based on literature survey and their use in traditional medicine by Algerian population. The plant materials used for EOs obtention were purchased from commercial sources.
EOs obtention
EOs were obtained from dried plant materials by hydrodistillation for 3 h, using a Clevenger-type apparatus. Recovered EOs were dried using magnesium sulfate then stored at +4°C until tested.
Bacterial strains
A total of 18 bacterial strains were tested in this study, including reference and clinical ones ( Table 1 ). The species are nine Escherichia coli (E. coli) strains, three Pseudomonas aeruginosa (P. aeruginosa), three Klebsiella pneumoniae (K.
pneumoniae) and three Proteus mirabilis (P. mirabilis).
Clinical strains were collected from patients with UTIs recruited at the University Hospital of Tlemcen, in the following services, internal medicine, urology, and maternity. UTIs in patients were confirmed by detection of significant bacteremia by urine culture and sensitivity method. Bacterial growth was carried out on Mac Conkey agar (Conda Pronadisa™, Spain) and Nutrient agar (Conda Pronadisa™, Spain), and the diagnosis of UTIs in urine samples was based on the presence of ≥ 10 5 CFU of microorganisms per ml in urine culture (Cardoso et al., 1998) . Isolated bacterial strains were firstly identified by conventional biochemical methods, and the API 20E (BioMerieux ® SA, Lyon, France) were used for final identification confirmation.
Antibiogram
The multidrug resistance in clinical strains was determined according to the Clinical and Laboratory Standard Institute (CLSI, 2006) . Antibiogram was carried out with the following antimicrobial agent-containing disks: Amoxicillin (25 μg), amoxicillin/clavulanic acid (30 μg), ticarcillin (75 μg), ticarcilline/clavulanic acid (85 μg), piperacillin (75 μg), piperacillin/tazobactam (85 μg), cephalotin (30 μg), cefuroxime (30 μg), cefixime (30 μg), cefotaxime (30 μg), ceftazidime (30 μg), cefepime (30 μg), imipenem (10 μg), aztreonam (30 μg), cefoxitin (30 μg), gentamicin (15 μg), tobramycin (10 μg), nalidixic acid (30 μg), ofloxacin (5 μg), ciprofloxacin (5 μg), and fosfomycin (50 μg) (Oxoid ® , England). The resistance phenotype of studied strains is presented in Table 1 .
EOs antibacterial activity Preparation and standardization of inocula
For inocula preparation, four to five isolated colonies of tested organisms were picked by sterile inoculating loop and inoculated in tubes of BHIB (5 ml in each). The inoculated tubes were incubated at 37 o C for 18 hours and standardized to 10 8 CFU/ml (CLSI, 2006) .
Agar disc diffusion method
The agar well diffusion method was used for the antimicrobial evaluations. 18 ml of Mueller Hinton agar medium (Conda Pronadisa™, Spain) was casted in each Petri dish (9 cm) and then inoculated by swabbing with a suspension of 18h culture already standardized at 10 8 CFU/ml, as recommended by (CLSI, 2006) . After that, discs of filter paper (6 mm diameter) thoroughly moistened with 5 μl of the oil were placed on surface of inoculated agar, then incubated at 37°C for 24 h. The result was determined by measuring diameters of the inhibition zones in millimeters.
Determination of the minimum inhibitory concentration (MIC)
The minimum inhibitory concentration (MIC) of studied essential oils was determined by micro dilution method described by (Wiegand et al., 2008) . The essential oils were dissolved using Tween 80, then diluted by ½ at ten concentrations in external tubes ranging from 400 to 0.7 mg/ml. After that, the 96-well plates were prepared by distributing 180 μl of 10 5 CFU/ml inoculum with 20μl
of each concentration of essential oil. The final concentration of oil in plat was ranged between 40 to 0.07 mg/ml, and the final concentration of Tween 80 was 1% in each well. The MIC was defined as the lowest concentration of essential oil inhibiting visible growth.
RESULTS AND DISCUSSION
The antibiogram of different clinical isolates showed several susceptible and resistant phenotypes. From the eight strains of E. coli, four were resistant, among these last two strains showed increased MDR. Regarding the species P. aeruginosa from two collected strains one was resistant. The same result was obtained by P. mirabilis and K. pneumoniae (see Table 1 ).
The antimicrobial activity results of EOs against strains collected from urinary infections show that the most important activity is recorded by C. cassia, since this oil showed significant activity against all Gram positive and negative strains including P. aeruginosa, which is known by its resistance to essential oils. In addition, the greater diameters were obtained by this EO with inhibition zone of 39 mm for some strains such as the case of E. coli. Then the essential oil of C. sativum also gave satisfactory results with inhibitions zones up to 31 mm but with no inhibition effect against P. aeruginosa. The EO of Z. hispanica gave similar results to C. sativum since it didn't inhibit the species P. aeruginosa. However, its effect was somewhat weaker than C. sativum that the greatest diameter was 17 mm (see table 2). From the inhibitions zones obtained and according to Ponce et al. (2003) the strains were extremely susceptible to C. cassia and C. sativum but they are also very sensitive to Z. hispanica. The results of minimum inhibitory concentrations MICs correlate with those of the zones of inhibition since the smaller MICs were obtained with the larger inhibitions zones and vice versa. UTIs are the second most common type of infections in human body, which are one of the most serious health problem affecting millions of people each year. UTIs involve infection in the kidneys, ureters, bladder or urethra (Anjum et al., 2004) .
For minimized risks of mortality, morbidity, and any renal damage which can be caused by UTIs, clinicians should use the appropriate antibiotic in treatment. Choosing the specific antimicrobial agents appear so difficult, especially because of resistance to antimicrobial agents remarked in bacteria responsible for nosocomial UTIs.
In this study, results obtained are corresponding to literature, in which we have found that almost of bacteria responsible for UTIs are especially E. coli, and at less degrees K. pneumoniae, P. mirabilis and P. aeruginosa (Hooton, 2012; Barber et al., 2013) . Also, it's been clear that pathogens responsible for UTIs are commonly from hospital origin, species which are multi-resistant to antibiotics (Manikandan et al., 2011) and possess a high ability to biofilm formation (Tenke et al., 2012) . Therefore, the resolution of UTIs problem depend especially in hygiene in hospitals and most important in highlight of new antimicrobial agents in case of treatment failures. Among selected essential oils for this study, the oil of C. cassia has shown an interesting antimicrobial activity against all studied bacterial species. According to the literature, it's has been clear that cassia oils are possess an strong antimicrobial activity (Ooi et al., 2006; Yang et al., 2012) , with interesting MICs values which varies between 0.018 and 0.7 mg/mL against Gram positive and negative bacteria and fungi. Also, cassia oil was active against P. aeruginosa a specie which are commonly resistant not only to antibiotics (Zavascki et al., 2010) , but also against almost essential oils (Mann et al., 2000; Bekhechi et al., 2008) . Given that the use of EOs in antiseptic is better than use of terpenoids alone (Benbelaïd et al., 2014) , cassia oil seems to be an ingesting alternative treatment in nosocomial UTIs. 
CONCLUSION
In conclusion, UTIs in human are considered as the most serious health problems facing the world. The present study has revealed the importance of natural products to control antibiotic resistant in bacteria which are being a threat to human health. This scientific study can serve as an important platform for the development of inexpensive, safe and effective medicines.
